xpert panels sponsored by both the World Health Organization and the National Institutes of Health have recommended that obese adults (ie, body mass index Ն30 kg/m 2 ), as well as those who are overweight (body mass index of 25-29.9 kg/m 2 ) and have comorbid conditions, lose 10% of their initial weight. 1,2 A comprehensive program of lifestyle modification is considered the first option for achieving this goal. 2 Lifestyle modification, also referred to as behavioral weight control, includes 3 primary components: diet, exercise, and behavior therapy. 3 This narrative review examines weight losses achieved with this approach, as well as new developments with each of the 3 components.
Overview of Lifestyle Modification
Comprehensive lifestyle modification programs typically provide weekly individual or group treatment sessions designed to modify eating and activity habits. 4 This approach is exemplified by the Diabetes Prevention Program (DPP), 5 which randomly assigned Ͼ3200 participants with impaired glucose tolerance to 1 of 3 groups: placebo, metformin, or lifestyle modification. Participants in the lifestyle intervention were provided 16 individual counseling sessions during the first 24 weeks and at least every-other-month sessions thereafter. They were prescribed a reduced calorie, low-fat diet of conventional foods (1200 -2000 kcal/d, depending on body weight) and 150 min/wk of physical activity (typically brisk walking), with the goal of losing 7% of initial weight. 5, 6 After an average of 2.8 years, participants in the lifestyle intervention lost 5.6 kg in comparison with losses of 2.1 kg and 0.1 kg in the metformin and placebo groups, respectively. The risk in the lifestyle group of developing type 2 diabetes was reduced by 58% in comparison with placebo and by 31% in comparison with metformin. 5 Ten years after randomization, lifestyle-treated participants had regained nearly to their baseline weight (with no significant differences in weight loss among groups). However, the incidence of type 2 diabetes was still lowest in the lifestyle group, which had a 34% reduction in risk in comparison with placebo. 7 These findings suggest that modest weight loss, even when followed by weight regain, can be beneficial to long-term health.
The Look AHEAD (Action for Health in Diabetes) study 8, 9 is a 13.5-year randomized trial that was initiated following the DPP to resolve conflicting findings from epidemiological studies concerning the health consequences of intentional weight loss. 10, 11 More than 5100 overweight participants with type 2 diabetes were randomly assigned to an intensive lifestyle intervention (ILI) or a diabetes support and education (DSE) group. The ILI was designed to induce a mean reduction in initial weight of 7% or more and to increase physical activity to at least 175 min/wk. 9 During the first 6 months, participants attended 3 group sessions and 1 individual visit per month and replaced 2 meals per day with a liquid supplement (eg, SlimFast shakes), with a goal of consuming 1200 to 1800 kcal/d (with heavier participants receiving more calories). For months 7 to 12, ILI participants attended 2 group sessions and 1 individual visit each month, and used meal replacements for 1 meal per day. In years 2 to 4, participants were offered 1 individual on-site visit and 1 phone (or e-mail) contact per month, with periodic group sessions to help participants achieve the 7% weight loss goal or to reverse weight regain. 12 At 1 year, participants in the ILI lost 8.6 kg of initial weight in comparison with 0.7 kg in the DSE group (PϽ0.001). 9 The ILI produced significantly greater improvements in hemoglobin A 1c (HbA 1c ), fitness, and numerous measures of cardiovascular disease (CVD) risk than did DSE. At year 4, participants in the ILI maintained a loss of 4.9 kg in comparison with 1.3 kg in the DSE (PϽ0.001), 12 demonstrating that long-term weight loss can be achieved with continued behavioral treatment. (Figure 1 presents these losses as percentage of reduction in initial weight.) The ILI group also maintained significantly greater improvements than DSE in HbA 1c , fitness, high-density lipoprotein cholesterol, and systolic blood pressure. 13 The trial is scheduled to conclude in 2014, at which time investigators will determine whether the health improvements observed in the ILI participants translate into a significant reduction in CVD morbidity and mortality.
Dietary Interventions
Both the DPP and Look AHEAD trials prescribed a traditional low-calorie, low-fat diet. However, the past decade has witnessed a torrent of research on the effects of dietary macronutrient composition on changes in weight and CVD risk factors. Four well-known diets include low-carbohydrate, low-fat, Mediterranean, and low-glycemic load regimens. 14 -28 Low-carbohydrate approaches, such as the Atkins diet, 29 prescribe as few as 20 g/d of carbohydrate and typically are high in protein and fat. Higher protein intake is thought to be associated with better satiety, thus, potentially improving adherence to energy restriction. 30, 31 Low-fat diets, such as the Ornish diet, 32 or as recommended by the American Heart Association, 33 provide 10% to 20% of calories from fat and recommend plant-based foods including grains, fruits, and vegetables. Such approaches yield a low-energydensity diet that may improve satiety because of the large volume of food that can be consumed. 34, 35 Mediterraneantype diets encourage a higher intake of unsaturated fats such as olive oil, nuts, and fish, in lieu of saturated fats (eg, red meat and butter). 26, 36 The consumption of fruits, vegetables, and whole grains also is encouraged. Low-glycemic load diets are based on the principle that foods with a lower glycemic load-the product of a food's glycemic index and the amount of carbohydrate in the item-have a more favorable effect on blood sugar. 30, 37 Portion-controlled diets, as exemplified by meal replacements, offer a fifth dietary option. 16, 38 They provide a fixed portion of food, often in the form of a high-protein, liquid diet, which simplifies meal preparation and calorie counting. Table 1 presents selected randomized trials (of at least 6 months duration) that compared weight losses achieved with these different approaches.
Low-Carbohydrate Versus Low-Fat Diets
Numerous trials have examined low-carbohydrate versus more conventional low-fat diets. Samaha et al 25 reported that obese participants assigned to a low-carbohydrate diet lost significantly more weight at 6 months than those prescribed a low-calorie, low-fat regimen (Ϫ5.8 versus Ϫ1.9 kg). (Both groups of participants were provided 9 lifestyle counseling sessions over 6 months, as shown in Table 1 .) However, Stern et al, 27 in a follow-up of the same participants, found that differences between groups were no longer statistically significant at month 12 (Ϫ5.1 versus Ϫ3.1 kg). In their first study of this issue, Foster et al 18 similarly found that a low-carbohydrate diet induced significantly greater weight loss at 6 months than a low-fat regimen (Ϫ7.0% versus Ϫ3.2%) when minimal lifestyle counseling was provided. However, differences between groups were not statistically significant at month 12 (Ϫ4.4% versus Ϫ2.5%). In their second investigation, in which all participants received intensive group lifestyle modification (ie, 33 sessions in the first year), both groups lost Ϸ11 kg at 1 year and maintained a loss of 6 to 7 kg at 2 years (with no significant differences between groups at any time). 19 These findings indicate that a strong lifestyle modification program, which facilitates adherence to prescribed calorie goals, is more important for weight loss than is macronutrient composition per se. The absence of a high-intensity lifestyle intervention probably contributed to the modest weight losses that Iqbal et al 21 observed in a 2-year trial of patients with type 2 diabetes who were treated by low-carbohydrate (Ϫ1.5 kg) or low-fat (Ϫ0.2 kg) diets.
In the largest investigation of this issue (811 participants), Sacks et al 24 compared diets that provided either a low or high proportion of calories from fat (20% versus 40%), crossed with a low or high proportion of calories from protein (15% versus 25%). This resulted in 4 diets in which the calories derived from carbohydrate varied from 35% (lowest) to 65% (highest). All participants were instructed to achieve a 750 kcal/d deficit with the diet prescribed, and all received an intensive lifestyle intervention (ie, 22 counseling sessions during the first 6 months). No significant differences in weight loss were observed among the 4 diet groups over 2 years (see Table 1 ). These findings suggest that macronutrient composition does not contribute to weight loss when the level of caloric restriction is held constant.
Other trials summarized in Table 1 examined the effects of low-carbohydrate versus low-fat diets but included additional dietary comparisons. Shai et al 26 reported that participants prescribed a low-fat diet lost significantly less weight (Ϫ2.9 kg) at 2 years than those assigned to low-carbohydrate (Ϫ4.7 kg) or Mediterranean (Ϫ4.4 kg) diets. Gardner et al 20 studied women randomly assigned to 1 of 4 diets: low-carbohydrate (Atkins), 29 even distribution of macronutrients (Zone), 39 balanced calorie-restricted diet (LEARN), 40 or low-fat (Ornish). 32 The Zone diet produced significantly less weight loss (Ϫ1.6 kg) at 1 year than the Atkins diet (Ϫ4.7 kg), whereas participants in the other groups lost Ϸ2.5 kg. 20 Dansinger et al 14 compared participants assigned to the Atkins, Zone, Weight Watchers, 41 or Ornish diets and found no significant difference in weight loss at 1 year. Instead, only level of adherence to the prescribed diet was associated with weight loss. Weight losses in all 3 of the preceding trials were small (Ͻ5 kg), probably because of the limited provision of lifestyle counseling in comparison with that offered by Foster et al 19 and Sacks et al. 24 The trials summarized in Table 1 suggest that lowcarbohydrate diets may produce larger short-term weight losses than low-fat diets, probably by inducing a greater caloric deficit through the near elimination of carbohydrates during the initial phase of dieting. However, this advantage does not typically remain at 1 year or more and can be overridden in the short term by the provision of a strong lifestyle intervention. 19 Given the generally equivalent weight losses produced by these different approaches, desired changes in metabolic and cardiovascular risk factors should be considered in selecting a reducing diet. In the preceding trials, low-fat diets generally induced greater reductions in low-density lipoprotein cholesterol, 18, 19, 24 whereas low-carbohydrate regimens were associated with greater improvements in triglycerides 14,18 -20,25-27 and highdensity lipoprotein cholesterol 18 -20,24,26,27 and, in one study, with greater improvements in HbA 1c in patients with type 2 diabetes. 27
Glycemic Load Diets
Three trials of glycemic load diets also found no significant differences in weight loss according to diet type. Klemsdal et al 22 randomly assigned participants to low-glycemic load or low-fat diets and observed 1-year losses of 4.0 kg and 4.3 kg, respectively. Das et al 15 reported 1-year losses of 7.8% and 8.0% for participants assigned to low-versus high-glycemic load diets, respectively. Fabricatore et al 17 compared lowglycemic load and low-fat diets in adults with type 2 diabetes. Weight losses did not differ significantly at 20 (Ϫ6.7% and Ϫ5.7%) or 40 weeks (Ϫ6.4% versus Ϫ4.5%). However, participants prescribed the low-glycemic load diet had significantly greater improvements in HbA 1c than those on the low-fat diet.
Meal Replacements
Ditschuneit et al 16 reported that participants who used liquid shakes and meal bars to replace 2 meals and 2 snacks a day lost 7.1 kg in 3 months in comparison with 1.3 kg for those prescribed a diet of conventional foods with the same calorie goal (1200 -1500 kcal/d). Participants who were originally assigned to meal replacements, and who continued to replace 1 meal and 1 snack a day during follow-up, maintained a loss of 10.4 kg at 27 months. 16 Li et al 23 randomly assigned patients with type 2 diabetes to either a diet of soy-based meal replacements or a conventional diet and found that at month 12 the former group lost more weight (Ϫ4.4 versus Ϫ2.4 kg, Pϭ0.07). A meta-analysis of 6 randomized, controlled trials (which included the 2 previous studies) found that participants who used meal replacements lost Ϸ2.5 kg more, at both 3 and 12 months, than did individuals prescribed an equivalent calorie diet of conventional foods. 42 Additional studies, not included in Table 1 , have shown that significantly greater weight loss is achieved by providing dieters portioncontrolled servings of conventional foods 43, 44 or detailed menus of the foods they should consume. 45 All studies were analyzed by use of an intention-to-treat population, with the exception as indicated by an asterisk (*). Different letters (in superscript) indicate statistically significant differences in weight loss between groups. F indicates female; LDL, low-density lipoprotein; HDL, high-density lipoprotein; VLDL, very low density lipoprotein; HbA 1c , hemoglobin A 1c ; MR, meal replacements; CVD, cardiovascular disease.
*A completer's population was examined. †Results reported as "greater," "larger," "increased more," etc represent statistically significant differences between treatment conditions.
Summary
Obese individuals can lose weight by following reducing diets that vary widely in macronutrient composition. Caloric restriction, however, rather than macronutrient composition, is the key determinant of weight loss. Because all of the diets reviewed appear to have comparable short-and long-term safety, the choice of the diet can be guided by the desired control of comorbid conditions. Further research is needed to determine the optimal dietary macronutrient composition for improving specific comorbid conditions, such as impaired glycemic control, as investigated in the DPP and Look AHEAD studies. Obese populations selected for specific CVD risk factors will provide greater opportunity to demonstrate the benefits of both weight loss and macronutrient composition than will populations selected on obesity status alone.
The choice of a diet also should address patient preferences, particularly those related to ease of dietary adherence. 14 A successful reducing diet is one that an individual can adhere to for several months to lose 5% to 10% of initial weight. Greater weight loss is desirable because it is associated, in a linear manner, with greater improvements in CVD risk factors, including HbA 1c , blood pressure, triglycerides, and high-density lipoprotein cholesterol. 46 Although dietary interventions for hypertension and other comorbid conditions have shifted to the prescription of dietary patterns, such as the Dietary Approaches to Stop Hypertension diet, 47, 48 such approaches must be combined with calorie restriction to induce clinically meaningful weight loss (as they have in some recent trials). 49, 50 To achieve long-term weight loss, most obese individuals must consciously restrict their energy intake, whether by reducing portion sizes, decreasing the energy density of the diet, counting calories (or specific macronutrients), or some combination of these approaches.
Physical Activity and Weight Management
Physical activity plays a critical role in improving cardiovascular health in both average-weight and obese individuals. [51] [52] [53] In the absence of significant weight loss, regular bouts of aerobic activity have been found to reduce blood pressure 54 and lipids, 55 as well as visceral fat, 56,57 the latter which is associated with improved glucose tolerance and insulin sensitivity (in nondiabetic individuals) and glycemic control (in patients with type 2 diabetes). 58 -61 Leskinen et al 62 examined 16 twin pairs with discordant levels of physical activity and found that inactive twins had greater amounts of high-risk fat, including visceral, liver, and intramuscular. In sum, physical activity, independent of weight loss, appears to be associated with improvements in body composition and metabolic conditions. Physical fitness, which generally increases with increased physical activity, also may attenuate obesity-related mortality. Lee et al 63, 64 examined Ͼ21 000 men in the Aerobic Center Longitudinal Study and found that those who were fat but fit had lower rates of cardiovascular death than those who were average weight but unfit. Subsequent studies, however, with more diverse samples that included both men and women, found that fitness only partially attenuated the risk of mortality associated with excess adiposity. 65, 66 Fatness and low fitness appear to be independent risk factors for CVD morbidity and mortality, and both should be targeted in comprehensive lifestyle programs. 4 
Physical Activity and Weight Loss
Physical activity alone is of limited benefit in inducing weight loss, as reported in a recent position article of the American College of Sports Medicine. 67 This is because most individuals cannot find the time or motivation to engage in the high volume of activity (eg, 35 miles of walking a week) required to lose even 0.45 kg/wk. This rate of weight loss is more easily achieved by participants' restricting their food intake by 500 kcal/d. A study by Slentz et al 68 underscored the minimal benefit of exercise alone for weight loss. Individuals who jogged/ran the equivalent of 20 miles a week (but were not instructed to restrict their food intake) lost only 3.5 kg at the end of 8 months of training. Individuals who walked 12 miles a week at a moderate intensity (the equivalent of 6 one-half hour bouts of walking a week) lost only 1.1 kg. 68 Similarly, the addition of regular exercise to caloric restriction (ie, dieting) only marginally increases short-term weight loss, although it does spare the loss of fat-free mass. 69 These findings suggest that obese individuals should be encouraged to exercise, at least in the short term, for the sake of improving their cardiovascular health, rather than for inducing weight loss.
Physical Activity and Weight Loss Maintenance
Physical activity appears to be critical for long-term weight management, as concluded by several investigators. 70 -75 Jeffery et al 71 showed that participants in a 12-month group behavioral weight control program who were prescribed high levels of physical activity (ie, expenditure of 2500 kcal/wk achieved principally with brisk walking) maintained significantly greater weight losses at 12 months and 18 months than participants with a lower, more traditional physical activity goal (ie, 1000 kcal/wk). Losses for the 2 groups at 18 months were 6.7 and 4.1 kg, respectively. By contrast, the greater dose of exercise had no significant effect on weight loss at 6 months (losses of 9.0 and 8.1 kg, respectively).
Jakicic et al 76 studied the effect of varying both the duration and intensity of physical activity in 4 groups of obese patients, all of whom received group lifestyle modification for 12 months. The moderate exercise duration group was instructed to expend 1000 kcal/wk, whereas the highduration group had a goal of 2000 kcal/wk. Intensity was determined by use of ratings of perceived exertion. 77 All groups were provided motorized treadmills and asked to exercise 5 days a week. At month 12, there were no significant differences in weight loss among the 4 groups, with mean losses ranging from 6.3 kg in the moderateintensity/moderate-duration group to 8.9 kg in the highintensity/high-duration condition; the other 2 groups fell in between. At month 24, there again were no significant differences in weight loss among the 4 groups, and all regained weight from month 12 (see Figure 2) . 78 These findings suggest that higher levels of physical activity have no effect on short-or long-term weight loss. This conclusion, however, overlooks the critical issue of participants' adherence to their exercise prescription. Data were reanalyzed to examine the amount of physical activity participants reported engaging in (regardless of their treatment assignment) and showed that those who exercised Ն300 min/wk (expending Ϸ2000 kcal/wk) maintained weight losses nearly 3 times as great as participants whose activity was Ͻ150 min/wk (who expended Ͻ1000 kcal/wk) (see Figure 3 ). Jakicic et al 75 similarly found, in secondary analyses of the results of another randomized trial, that obese individuals who exercised Ͼ200 min/wk achieved significantly greater weight losses at 18 months than individuals who were active Ͻ150 min/wk. Two systematic reviews, which examined both randomized trials and observational data, concluded that weight regain (following weight loss) was reduced by engaging in high levels of physical activity, Ϸ60 min/d of brisk walking. 67, 79 This is the level of activity displayed by individuals in the National Weight Control Registry, all of whom have lost Ն13.6 kg and maintained the loss for Ն1 year. 73, 80 A prospective analysis of intentional weight loss in the Nurses' Health Study II also confirmed the benefits of high levels of activity for maintaining lost weight. 81 
Mechanisms of Action
Researchers do not fully understand how physical activity facilitates the maintenance of lost weight. The simplest explanation is that increased physical activity helps to maintain energy balance. 52 Walking 3 miles a day should offset occasional excess calorie intake that otherwise would be associated with weight regain. Alternatively, high levels of physical activity appear to be necessary to compensate for increased energy efficiency following weight loss. Rosenbaum et al 82 studied obese individuals who had lost 10% of initial weight and found that maintenance of their reduced body weight was associated with a decrease in total energy expenditure that was Ϸ300 to 500 kcal/d greater than that predicted by changes in body mass and composition. The decrease in total energy expenditure was due predominately to reduced energy expended during physical activity (ie, nonresting energy expenditure), reflecting increased work efficiency of skeletal muscle. Thus, paradoxically, successful weight losers may have to approximately double their physical activity to compensate for their increased energy efficiency.
Other possible favorable effects of physical activity, particularly of resistance training, include sparing the loss of fat-free mass, an occurrence that may attenuate the reduction in resting-metabolic rate that accompanies weight loss. 52, [83] [84] [85] Regardless of the mechanisms of action, the message is the same: overweight/obese individuals should increase their physical activity by whatever means possible to keep off the lost weight.
Summary
Overweight and obese individuals, as well as persons of average weight, often report not having time to exercise. Practitioners should emphasize that, for weight control, this activity can be performed at a moderate intensity and in short bouts, as brief as 10 minutes. When included as part of a comprehensive weight loss program, multiple short bouts of activity throughout the day are as effective as 1 long bout (Ͼ40 minutes) for achieving weight loss. 86, 87 Additional studies have shown that lifestyle activity, which involves increasing energy expenditure throughout the day, without concern for the intensity or duration of the activity, is as effective for weight control as more traditional programmed activity (such as jogging, swimming, or biking). 88, 89 Some investigators believe that further study is needed to identify the types of physical activities that participants in lifestyle interventions engage in to determine that they, in fact, differ from behaviors of individuals assigned to structured exercise programs. 90 Pedometers provide one of the most convenient methods of monitoring lifestyle activity. 91 Overweight and obese individuals initially should be encouraged to walk an extra 2000 steps per day, which would expend Ϸ100 kcal more. The goal after losing 10% or more of initial weight is to eventually walk an extra 6000 to 8000 steps daily, which will provide the additional 300 to 400 kcal/d expenditure required for weight maintenance. 73, 92 Behavior Therapy
As applied to weight control, behavior therapy refers to a set of principles and techniques for helping obese individuals modify eating, activity, and thinking habits that contribute to their excess weight. 4, 40, 93 This approach recognizes that body weight is affected by factors other than behavior, including genetic, metabolic, and hormonal influences, which likely predispose some persons to obesity and set the range of possible weights that a given individual can achieve. 4 Key components of behavior therapy include setting specific goals for behavior change that specify what an individual will do, and when, where, how, and for how long he or she will engage in the behavior. 94 A behavioral goal for exercising more would take the form of, "I will walk on the track at the local high school for 30 minutes at a brisk pace on Monday to Saturday at 7 AM. If it rains, I will exercise in the den using my walking DVD."
Self-monitoring-recording one's behavior-is perhaps the most important component of behavioral treatment. 4 Patients keep detailed records of their food intake, physical activity, and body weight, which they review with their interventionist to identify areas of success and areas in need of improvement. Record keeping is expanded over time to include information about times, places, thoughts, and feelings associated with eating and physical activity. Frequent self-monitoring is a consistent predictor of both short-and long-term weight loss. [95] [96] [97] [98] Since its introduction in 1967, 99 behavioral treatment has evolved into a package that includes several components in addition to diet, exercise, and self-monitoring. These components include slowing the rate of eating, stimulus control, problem solving, cognitive restructuring, and relapse prevention training. Detailed descriptions of this approach have been provided. 6, 40 
Structure and Efficacy of Behavioral Weight Control
Behavioral weight control traditionally has been provided on site to groups of 10 to 20 individuals by registered dietitians, psychologists, exercise specialists, and other health professionals. 4, 93 In academic medical centers, intervention is usually delivered weekly for 20 to 26 weeks, followed by every-other-week sessions for an additional 20 to 26 weeks, designed to facilitate the maintenance of lost weight. Treatment sessions usually last 60 to 90 minutes. Group treatment may produce somewhat larger weight loss (about 2 kg) than individual care, as shown by a randomized trial. 100 Group sessions are more cost-effective than individual care and provide empathy, competition, and social support. 94 Sessions typically begin with a review of participants' food and activity records and continue with problem solving and the introduction of a new topic. 94 ,101
Short-Term Efficacy
Several reviews have shown that a comprehensive lifestyle modification program, as described above, produces an average weight loss of Ϸ7 to 10 kg in 6 months, equal to a 7% to 10% reduction in initial weight. 2, 4, 93 This mean loss is generally sustained at 12 months, with the provision of on-site, every-other-week weight maintenance therapy. The previously described results of Foster et al 19 are among the best obtained with a state-of-the art lifestyle intervention combined with a traditional low-calorie, low-fat diet. All study participants (including those assigned to a lowcarbohydrate diet) were provided 20 initial weekly group sessions, 10 every-other-week maintenance sessions (through week 40), and then every-other-month sessions through year 2. As shown in Figure 4 , participants in both diet groups lost Ϸ11.8 kg at 6 months and maintained a loss of approximately this size at 12 months (10.8 kg for both groups).
Long-Term Efficacy
Figure 4 reveals that participants in both the low-fat and low-carbohydrate groups regained Ϸ3.5 to 4.5 kg from months 12 to 24, equal to a regain of 30% to 40% of their 12-month weight loss. This degree of regain is consistently observed in the year following weight loss in the absence of participants receiving ongoing weight loss maintenance therapy. 4, 93, 101 Foster et al 19 provided participants every-othermonth group sessions from months 9 to 24, but this frequency of treatment does not appear to be sufficient to prevent weight regain. By contrast, Perri et al [102] [103] [104] have shown in a series of studies that every-other-week maintenance sessions, provided on site, are associated with excellent long-term weight loss. In a representative study, individuals who attended twice monthly group maintenance sessions for the year following weight reduction maintained 13.0 kg of their 13.2-kg end-oftreatment weight loss, whereas those who did not receive such therapy maintained only 5.7 kg of a 10.8-kg loss. 102 In reviewing 13 studies on this topic, Perri and Corsica 105 found that patients who received long-term treatment, which averaged 54 weeks, maintained 10.3 kg of their initial 10.7-kg weight loss. Weight loss maintenance sessions appear to provide participants the support and motivation needed to continue to practice weight control behaviors, which include engaging in Ϸ60 min/d of physical activity; eating a low-calorie, low-fat diet; monitoring body weight frequently (at least weekly and as often as daily); and periodically recording food intake (particularly in response to weight gain). 105 These are the behaviors practiced by participants in the National Weight Control Registry. 73 (Table 2 summarizes what the authors believe are the critical components of lifestyle intervention required for the induction and maintenance of weight loss.) Despite concerns that long-term weight control efforts may be associated with depression, eating disorders, and other behavioral complications, these problems generally have not been observed in Registry participants. On the contrary, the great majority of individuals have reported marked improvements in their quality of life with the maintenance of substantial weight loss (Ն13.6 kg). 73 
Innovations in the Delivery of Lifestyle Modification
Investigators are examining new modalities for delivering behavioral weight control, given the explosion in electronic means of communication (eg, Internet, e-mail, text messaging, Facebook, and Twitter), with their potentially greater convenience and reduced cost. This section briefly examines efforts to deliver lifestyle modification by telephone and the Internet.
Telephone-Delivered Programs
Participants treated by Donnelly et al 106 received a 12-week weight loss program (which included a 1200 -1500 kcal/d diet of meal replacements and conventional foods), followed by a 14-week weight maintenance program. Half of the participants received all instruction by way of group conference calls, and the other half attended on-site groups. Median weight losses at 12 weeks were 10.6 kg and 12.7 kg, respectively (PϽ0.05), and at 26 weeks were 12.8 and 12.5 kg, respectively (and not significantly different). DiGenio et al 107 examined the efficacy of telephone versus on-site counseling in participants who also were prescribed 10 mg/d of the weight loss medication sibutramine. At month 6, participants in these 2 groups, each of whom had 18 counseling sessions with a dietitian, lost 7.7% and 8.9% of initial weight, respectively (with no differences between groups). By contrast, participants who received medication but had only monthly (on-site) counseling visits lost 6.4%, whereas those who received no counseling lost 5.2%. Both losses were significantly smaller than those of participants in the first 2 groups. Findings of both Donnelly et al and DiGenio et al suggest that telephone-based counseling is approximately as effective as in-person treatment for inducing weight loss. 106, 107 Perri et al 108 have demonstrated the effectiveness of telephone-based counseling for maintaining lost weight. Obese women who had lost an average of 10 kg during a 6-month run-in period were randomly assigned to receive a twice monthly weight loss maintenance program for 1 year that was delivered by telephone or on site. Women in a third group received newsletters only. Participants in the 2 weight loss maintenance interventions both regained only 1.2 kg during the year in comparison with a significantly greater gain of 3.7 kg for those in the newsletter group. Appel et al 50 also reported excellent maintenance of weight loss at 2 years with a principally telephone-delivered intervention. Costeffective analyses are needed to further demonstrate the benefits of telephone versus on-site interventions.
Internet-Delivered Programs
In an early study of weight loss induction, Tate et al 109 randomly assigned participants to one of two 6-month programs delivered by Internet. The educational (control) intervention provided a directory of Internet resources for weight management (but no specific instruction in changing eating and activity habits). The behavior therapy intervention included this directory but also 24 weekly lessons conducted by e-mail in which participants submitted their food and activity records on-line and received feedback from a therapist. 200 to 300 min/wk of moderately vigorous aerobic activity (eg, brisk walking); strength training also desirable.
Behavior therapy prescription
Daily monitoring of food intake and physical activity by use of paper or electronic diaries.
Occasional to daily monitoring of food intake and physical activity by use of similar diaries.
Weekly monitoring of weight.
Twice weekly to daily monitoring of weight.
Structured curriculum of behavior change (eg, Diabetes Prevention Program).
Curriculum of behavior change, including relapse prevention and individualized problem solving.
Regular feedback from an interventionist.
Periodic feedback from an interventionist.
Participants in the behavior therapy group lost significantly more weight than those in the educational group (4.1 versus 1.6 kg). In a follow-up study, which lasted 1 year, Tate et al 110 randomly assigned individuals at risk of type 2 diabetes to a low-intensity Internet intervention or to the same program with the addition of weekly behavioral counseling, delivered by e-mail. Participants in the latter group lost significantly more weight at 1 year (2.0 versus 4.4 kg). These 2 studies underscore the importance of participants' monitoring their food intake and physical activity, as well as completing other behavioral assignments. Educational instruction alone (ie, information) is not sufficient to induce clinically meaningful weight loss. 111, 112 The first controlled comparison of Internet versus on-site interventions for inducing weight loss was recently reported by Harvey-Berino et al, 113 who provided obese adults in the 2 groups the same 24-session intervention. Participants in the Internet program lost 5.5 kg in 6 months in comparison with a significantly greater 8.0 kg for those who received on-site treatment. Collectively, these studies suggest that the most successful Internet programs, in which interventionists provide weekly e-mail feedback to participants, will induce weight losses of approximately two-thirds the size of those achieved by traditional on-site behavioral programs. 4 The reduced efficacy of Internet programs, however, is offset by the potentially greater accessibility and affordability of this approach in comparison with traditional on-site treatment.
Internet for Maintenance of Lost Weight
Several trials have demonstrated the potential benefit of Internet-delivered programs for improving the maintenance of lost weight. 114 -116 Two studies compared Internetdelivered programs with those delivered person to person, either on-site or by phone. 117, 118 Both trials found that person-to-person interventions were slightly more effective in maintaining lost weight than were Internet-based programs. However, the reduced efficacy of the Internet is again potentially mitigated by the increased reach, affordability, and convenience of the latter approach.
Dissemination of Behavioral Treatment
Investigators are exploring additional means, besides electronic interventions, of adapting intensive lifestyle interventions to reach a larger proportion of the overweight and obese individuals who would benefit from them. Behavioral treatment has been provided in community settings and as part of commercial weight loss programs.
Community Settings
Ackermann et al 119 adapted the DPP to be delivered by Young Men's Christian Association (YMCA) staff. Treated participants received 16 group sessions and lost 6.0% of initial weight at 6 months in comparison with 2.0% for control participants who received advice only. This significant difference between groups was maintained at 12 months. Estimated cost per treated participant was $275 to $325, which was substantially lower than the estimated cost of $1400 per participant for the first year of the original DPP 120 (see Figure 5 ). Although these results are promising, they are limited by the study's modest sample size (Nϭ92), high attrition (37% at month 12), and the use of a completers analysis.
Commercial Weight Loss Programs
Commercial weight loss programs vary substantially in the treatment options they offer, as well as in their scientific soundness, efficacy, and cost. 121, 122 Many include behavioral and dietary counseling (delivered in-person or by telephone or Internet), group support, and prepackaged meals. The 3 largest commercial providers are Weight Watchers, Jenny Craig, and Nutrisystem. Weight Watchers offers a dietary plan based on a point system in combination with group meetings or a Web-based monitoring program. 123 Jenny Craig customers consume prepackaged meals and choose from in-person or telephone-delivered individual counseling. 124 Nutrisystem also offers prepackaged, home-delivered meals, but typically does not provide counseling; online selfmonitoring tools are available on a web site. 125 Table 3 presents selected randomized trials (of 6 months or longer) that compared a commercial program with a control group. 41,126 -131 In the first multisite evaluation of Weight Watchers, Heshka et al randomly assigned participants to Weight Watchers or self-help and found that participants in the former groups lost significantly more weight at 1 year (Ϫ4.3 kg versus Ϫ1.3 kg) and 2 years (Ϫ2.9 kg versus Ϫ0.2 kg). 41, 130 A more recent trial, which included sites from 3 countries, replicated these 1-year weight losses (although far higher attrition was observed). 131 In the largest assessment of Jenny Craig, Rock et al 127 randomly assigned women to usual care (ie, 2 in-person counseling sessions and monthly contacts), Jenny Craig In-Center (ie, face-to-face) or telephone-based Jenny Craig counseling (weekly contact for 2 years). At 1 year, mean losses in the face-to-face and telephone-based groups were 10.1 and 8.5 kg, respectively, in comparison with 2.4 kg for 
Wadden et al
Lifestyle Modification for Obesitywomen in usual care. At 2 years, participants maintained losses of 7.4 kg, 6.2 kg, and 2.0 kg, respectively. Both Jenny Craig groups were superior to usual care but did not differ significantly from each other. Nutrisystem has been assessed in a relatively small trial. 128 At 3 months, participants who were prescribed the Nutrisystem diet lost significantly more weight than those in a diabetes support and education group (7.1% versus 0.4%). Losses in the Nutrisystem group were maintained at 6 months.
Results from these studies suggest that commercial weight loss programs may be a viable option for overweight and obese individuals who cannot obtain traditional lifestyle modification in community settings or academic medical centers. However, access to these programs, particularly those that provide prepackaged foods, may be limited by cost.
Conclusions and Future Directions
A comprehensive program of lifestyle modification produces a 7% to 10% reduction in initial weight that is associated with clinically meaningful improvements in several CVD risk factors, including the prevention of type 2 diabetes. New technologies, including wi-fi scales (which can automatically transmit weights from a scale to a server), smart phones, and tablets (and dozens of weight loss applications, as well) should make it easier and more convenient for individuals to monitor their food intake, physical activity, and weight-behaviors that are critical for short-and long-term weight control. Moreover, overweight and obese individuals will increasingly participate in programs that are delivered from a distance, whether by call centers, Internet-based programs, text messaging, or social networking sites. These electronic delivery channels should improve the dissemination of intensive lifestyle programs to the millions of individuals who would benefit from them. These developments are anticipated with the full knowledge that efforts to improve the treatment of obesity must be complemented by far greater public health efforts to prevent the development of this disorder. 132 All studies were analyzed using an intention-to-treat population, except as indicated by an asterisk (*), in which case a completers population was examined. Different letters (in superscript) indicate statistically significant differences between groups. F indicates female; N/A, not applicable; T2D, type 2 diabetes.
Adapted from Webb et al. 122 
